The Agency for Healthcare Research and Quality Inpatient Quality Indicator #11 overall mortality rate does not accurately assess mortality risk after abdominal aortic aneurysm repair  by Robinson, William P. et al.
From the Vascular and Endovascular Surgery SocietyFrom
O
U
Bo
Auth
Pres
Sp
Bo
Rep
D
se
W
The
to
m
0741
Cop
El
http
44The Agency for Healthcare Research and Quality
Inpatient Quality Indicator #11 overall mortality
rate does not accurately assess mortality risk after
abdominal aortic aneurysm repair
William P. Robinson, MD,a Wei Huang, MS,b Amy Rosen, PhD,c,d Andres Schanzer, MD,a,c
Hua Fang, PhD,c Frederick A. Anderson, PhD,b and Louis M. Messina, MD,a Worcester and Boston, Mass
Objective: The Agency for Healthcare Research and Quality (AHRQ) Inpatient Quality Indicator (IQI) #11, abdominal
aortic aneurysm (AAA) repair mortality rate, is a measure of hospital quality that is publically reported but has not been
externally validated. Because the IQI #11 overall mortality rate includes both intact and ruptured aneurysms and open
and endovascular repair, we hypothesized that IQI #11 overall mortality rate does not provide accurate assessment of
mortality risk after AAA repair and that AAA mortality cannot be accurately assessed by a single quality measure.
Methods:Using AHRQ IQI software version 4.2, we calculated observed (O) and expected (E) mortality rates for IQI #11
for all hospitals performing more than 10 AAA repairs per year in the Nationwide Inpatient Sample for the years 2007 to
2011. We used Spearman correlation coefﬁcient to compare expected rates as determined by IQI #11 overall mortality
rate risk adjustment methodology and observed rates for all AAA repairs in four cohorts stratiﬁed by aneurysm stability
(ruptured vs intact) and method of repair (open vs endovascular).
Results: Among 187,773 AAA repairs performed at 1268U.S. hospitals, hospitals’ IQI #11 overall expected rates correlated
poorly with their observed rates (E: 5.0%6 4.4% vs O: 6.0%6 9.8%; r[ .49). For ruptured AAAs, IQI #11 overall mortality
rate methodology underestimated the mortality risk of open repair (E: 34% 6 7.2% vs O: 40.1% 6 38.2%; r [ 0.20) and
endovascular repair (E: 24.8%6 9% vs O: 27.3%6 37.9%; r[ 0.08). For intact AAA repair, IQI #11 overall mortality rate
methodology underestimated the mortality risk of open repair (E: 4.3% 6 2.4% vs O: 6.3% 6 16.1%; r [ .24) but over-
estimated the mortality risk of endovascular repair (E: 1.3% 6 0.8% vs O: 1.1% 6 3.7%; r [ 0.25). Hospitals’ observed
mortality rates after intact AAA repair were not correlated with their mortality rates after ruptured AAA repair (r[ 0.03).
Conclusions: IQI #11 overall mortality rate fails to provide accurate assessment of inpatient mortality risk after AAA
repair. Thus, it is inappropriate to use IQI #11 overall mortality rate for quality reporting. The accuracy of separate
quality measures that assess mortality risk after repair of ruptured and intact AAAs, stratiﬁed by the use of open or
endovascular repair, should be examined. (J Vasc Surg 2015;61:44-9.)Payers, health care systems, hospitals, physicians, and pa-
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Although the IQIs were originally intended as metrics to
guide local quality assurance and improvement efforts, they
are increasingly used for comparing and reporting hospital
quality.1,2 Administrative claims data are used to derive
hospital-level observed and expected rates of inpatientmortal-
ity that can be compared across individual hospitals. The
resulting observed/expected ratio has become an easily inter-
pretable summary measure to assess hospital quality. One
such indicator, IQI #11 (abdominal aortic aneurysm [AAA]
repair mortality rate), has been identiﬁed as a key outcome
measure in assessing the quality of vascular surgical care.3
The National Quality Forum currently endorses IQI #11.
Despite the use of IQI #11 as measures of hospital per-
formance, the validity of IQI #11 has not yet been exter-
nally validated. It is therefore not known whether IQI
#11 accurately assesses the mortality risk associated with
AAA repair. Moreover, concerns exist about how the indi-
cator is constructed. Before August 2013, AHRQ con-
structed IQI #11 as a single metric of hospital mortality
rate after all AAA repairs. IQI #11 generates a risk-
adjusted overall AAA repair mortality rate that includes
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endovascular repair. AHRQ has also recently added addi-
tional strata to the indicator that report adjusted mortality
rates for four discrete cohorts of patients: intact open
repair, intact endovascular repair, ruptured open repair,
and ruptured endovascular repair. However, the IQI #11
overall mortality rate is still reported as a summary indicator
of hospital performance after AAA repair; therefore, con-
sumers, hospitals, payers, and quality groups may look to
this single metric as an indicator of hospital quality. How-
ever, the IQI #11 overall mortality rate may not provide an
accurate and fair assessment of hospital performance. It is
unlikely that a single measure can adequately reﬂect perfor-
mance in two different patient groups with disparate out-
comes: one after repair of an intact AAA and another
after repair of a ruptured AAA.3 Patients with ruptured
AAAs are extremely ill and repaired emergently, whereas
those with intact AAAs are almost uniformly stable for elec-
tive operation. Accordingly, mortality rates for repair of
ruptured AAAs (ranging from 29% to 70%) are orders of
magnitude greater than mortality rates after repair of intact
AAAs, which range from 1% to 5%.4-11 Similarly, it is un-
likely that a summary measure can adequately reﬂect per-
formance in endovascular or open AAA repair. Elective
endovascular repair has a hospital mortality rate fourfold
lower than that of elective open repair.4,6 A survival beneﬁt
of endovascular repair of similar magnitude has been re-
ported for ruptured AAAs.12,13
The purpose of this study was to assess whether the
IQI #11 overall mortality rate accurately predicts inpatient
mortality after AAA repair. To determine whether it might
be appropriate to combine the outcomes of both intact
and ruptured AAA repair into a single measure, we exam-
ined the correlation between hospital mortality after repair
of ruptured AAAs and mortality after repair of intact AAAs.
We then compared hospitals’ observed IQI #11 overall
mortality rates with expected IQI #11 overall mortality
rates using the Healthcare Cost and Utilization Project
Nationwide Inpatient Sample (NIS), a 20% representative
sample of all hospital discharges in the United States. This
provides a large representative sample of outcomes after
AAA repair in which the accuracy of IQI #11 risk adjust-
ment in deriving expected mortality can be assessed. We
hypothesized that expected rates would underestimate
observed rates. Finally, AHRQ risk adjustment for IQI
#11 overall mortality rate was applied to four cohorts
(ruptured AAA treated with open repair, ruptured AAA
treated with endovascular repair, intact AAA treated with
open repair, and intact AAA treated with endovascular
repair) to evaluate whether the IQI #11 overall mortality
rate risk adjustment would allow accurate prediction of
mortality in these cohorts. We hypothesized that the IQI
#11 overall mortality rate would not accurately predict
the increased mortality risk associated with repair of a
ruptured AAA in comparison to repair of intact an AAA
and would not accurately predict the increased mortality
risk after open repair in comparison to that of endovascular
repair.METHODS
Database. We used the NIS database (calendar years
2007-2011). Sampling was performed at the hospital level,
and 100% of each hospital’s discharges was included. We
included data from all discharged patients who met the in-
clusion criteria according to IQI #11 overall mortality rate
methodology. The cohort thus included all discharged pa-
tients $18 years of age who had an International Classiﬁ-
cation of Diseases, Ninth Revision, Clinical Modiﬁcation
diagnosis code of 441.3 (ruptured AAA) or 441.4 (intact
AAA) and a procedural code of 383.4, 384.4, or 386.4
(open repair of aneurysm) or 397.1 (endovascular repair
of AAA). Under institutional policy, the project was not
“Human Subject Research” and therefore not subject to
Institutional Review Board review.
Calculation of IQI #11 mortality rates. AHRQ soft-
ware is designed for use with hospital inpatient administra-
tive data that include demographics of the patient and the
provider, diagnosis codes, procedure codes, and informa-
tion about the admission, payer, and discharge. The data
elements in the AHRQ quality indicators are based on
the coding speciﬁcations used in the State Inpatient Data
in the Healthcare Cost and Utilization Project. We used
the Healthcare Cost and Utilization Project NIS years
2007 to 2011 as the input data ﬁle for AHRQ IQI software
(version 4.2), publicly available for download on the
AHRQ website,14 to calculate hospital-level observed and
expected mortality rates for IQI #11 overall mortality. In
addition, hospital-level observed and expected mortality
rates were calculated in four cohorts: intact AAA treated
with open repair, intact AAA treated with endovascular
repair, ruptured AAA treated with open repair, and
ruptured AAA treated with endovascular repair. Each
hospital’s observed mortality was then compared with its
expected mortality as generated by AHRQ IQI software.
On the basis of the AHRQ methodology, we used the
3M All Patient Reﬁned Diagnosis Related Group (APR
DRG) Limited License Grouper software (version 27).
This software, also available for download on the AHRQ
website,14 was used according to AHRQ IQI instructions
to calculate APR DRG categories and associated risk of
mortality scores from the NIS data. The IQI software
uses the patient’s age, APR DRG categories, and associated
risk of mortality to generate expected mortality rates for
each discharge, which are then aggregated to the hospital
level for comparison purposes. The determination of APR
DRG categories and associated risk of mortality scores is
based on proprietary information contained in the 3M
APR DRG Limited License Grouper software.
Statistical analysis. The Wilcoxon signed rank test
was used to compare hospital-level observed and ex-
pected mortality rates. We plotted each individual hospi-
tal’s observed mortality after repair of ruptured AAAs with
its observed mortality after repair of intact AAAs and
assessed the correlation by Spearman correlation coefﬁ-
cient. Each hospital’s expected and observed mortality rates
for all AAA repairs and for four stratiﬁed cohorts were
Fig 1. Correlation of hospital mortality rates after repair of intact
abdominal aortic aneurysms (AAAs) and ruptured AAAs. Each
point on the plot represents an individual hospital based on its
mortality after repair of intact and ruptured AAAs. The line rep-
resents perfect correlation between rates.
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lation coefﬁcient. When comparing hospital-level mortality
rates, we excluded all hospitals that performed fewer than
10 AAA repairs in any year in which it was sampled in the
NIS. This allowed us to test the accuracy of IQI #11 overall
mortality rate in a group of hospitals that performed at least
10 AAA repairs on a yearly basis and minimized the po-
tential bias of outlier rates among hospitals that consistently
performed a low volume of AAA repairs.
RESULTS
The NIS included 196,461,055 hospital discharges
from 2007 to 2011. A total of 187,773 AAA repairs were
performed at 1268 hospitals. These included 172,007
(91.6%) repairs of intact AAAs at 1207 hospitals and
15,832 (8.4%) repairs of ruptured AAAs at 923 hospitals.
Among intact AAA repairs, 38,830 (23%) underwent open
repair and 133,364 (77%) underwent endovascular repair.
Among ruptured AAA repairs, 10,462 (66%) underwent
open repair and 5451 (34%) underwent endovascular repair.
Hospital-level mortality rates after repair of intact
and ruptured AAAs. Mean observed hospital-level mor-
tality rates were higher for ruptured AAAs than for intact
AAAs (36.7% 6 36.1% vs 2.0% 6 4.4%; P < .001). There
was no correlation between hospitals’ mortality rates after
repair of ruptured AAAs and their mortality rates after
repair of intact AAAs (r ¼ 0.03; Fig 1). Mortality rates
were higher for open repair than for endovascular repair for
both intact and ruptured AAAs (Table).
Hospital-level observed vs expected IQI #11 mor-
tality rates. Mean hospital-level expected mortality rates
underestimated observed mortality rates for IQI #11overall mortality rate (expected: 5.0% 6 4.4% vs observed:
6.0% 6 9.8%; P ¼ .01; Table). Hospital-level expected IQI
#11 overall mortality rates correlated poorly with observed
IQI #11 overall mortality rates among individual hospitals
(r ¼ 0.49; Fig 2). The scatter plot of hospital observed vs
expected IQI #11 overall mortality rate revealed large
variability in the observed rates in comparison to the
smaller variability in the expected rates (Fig 2).
When stratiﬁed by aneurysm stability, hospital-level ex-
pected mortality rates after repair of ruptured AAAs derived
by IQI #11 overall mortality rate methodology markedly
underestimated observed mortality after open repair of
ruptured AAA (Table). No signiﬁcant differences were
found between observed and expected mortality rates after
endovascular repair of a ruptured aneurysm (Table). For
intact AAAs, IQI #11 overall mortality rate methodology
underestimated the in-hospital mortality risk after open
repair and slightly overestimated the in-hospital mortality
risk after endovascular repair (Table). Expected mortality
derived by IQI #11 overall mortality rate methodology
correlated poorly with observed mortality after either
open or endovascular repair of patients with ruptured or
intact AAAs (r ¼ 0.08-0.25; Fig 3). The scatter plot of hos-
pital observed vs expected mortality in each cohort again
revealed large variability in the observed rates in compari-
son to the smaller variability in the expected rates (Fig 3).
DISCUSSION
In this large, representative U.S. sample of AAA re-
pairs, the hospital-level expected IQI #11 overall mortality
rate underestimated the observed overall mortality rates. In
addition, IQI #11 overall mortality rate risk adjustment
methodologies underestimated the mortality risk after
repair of ruptured AAAs and the mortality risk after open
repair of intact AAAs. Hospital expected mortality rates
were not correlated with observed rates for individual hos-
pitals in subsets stratiﬁed according to aneurysm stability
(ruptured vs intact) as well as method of repair (open vs
endovascular). On the basis of this analysis, AHRQ IQI
#11 overall mortality rate did not accurately predict AAA
mortality, suggesting that AAA mortality cannot be accu-
rately assessed by a single quality metric.
This analysis provides insight as to why IQI #11 overall
mortality rate fails to provide accurate prediction of mortal-
ity risk after AAA repair. The large variability in the
observed IQI #11 overall mortality rates compared with
the smaller variability in the expected IQI #11 overall mor-
tality rates indicates that the IQI #11 risk adjustment
methodology does not capture important variables that
contribute to the large variation in observed mortality.
This difference in variability between the observed and ex-
pected rates occurs in all four cohorts stratiﬁed by aneu-
rysm stability and method of repair. The large variability
and non-normality in the observed rates (the real world
data) are likely the result of clinical variables that are not
accounted for in the administrative data used in IQI #11
methodology. On the basis of previous studies, the most
powerful predictors of mortality after ruptured AAA repair
Table. Hospital-level Inpatient Quality Indicator (IQI) #11 observed and expected mortality rates
Category
Hospital
number
Number of repairs
performed per hospital,
median (IQR)
Observed mortality,
%, mean 6 SD [median, IQR]
Expected mortality, %,
mean 6 SD [median, IQR] P valuea
IQI#11 (any AAA) 951 125 (52-242) 6.0 6 9.8 [3.2, 0-7.5] 5.0 6 4.4 [ 3.9, 2.6-5.8] .01
Intact AAA 946 114 (47-222) 2.0 6 4.4 [0, 0-2.6] 2.1 6 1.2 [1.9, 1.3-2.5] <.0001
Open 818 26 (11-55) 6.3 6 16.1 [0, 0-5.2] 4.3 6 2.4 [3.9, 2.7-5.3] <.0001
Endovascular 902 94 (39-182) 1.1 6 3.7 [0, 0-0] 1.3 6 0.8 [1.2, 0.8-1.6] <.0001
Ruptured AAA 737 13 (6-25) 36.7 6 36.1 [30, 0-58.3] 31.3 6 7.6 [30.2, 26.5-35.3] .08
Open 642 10 (5-19) 40.1 6 38.2 [33.3, 0-69.2] 34.0 6 7.2 [33.4, 29-37.6] .01
Endovascular 409 9 (5-15) 27.3 6 37.9 [0, 0-50] 24.8 6 9.0 [24, 18.7-29.2] .15
AAA, Abdominal aortic aneurysm; IQR, interquartile range; SD, standard deviation.
aWilcoxon signed rank test comparing observed with expected mortality.
Fig 2. Correlation of hospital Inpatient Quality Indicator (IQI)
#11 observed vs expected mortality rates. Each point on the plot
represents an individual hospital and demonstrates its observed and
expected mortality rates after abdominal aortic aneurysm (AAA)
repair. The line represents perfect correlation between observed
and expected rates.
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mia, preoperative cardiac arrest, and mental status changes,
which are not included in administrative data.2,11,15 Current
risk adjustment algorithms for IQI #11, based on claims data
only, do not capture these important clinical factors. Previ-
ous studies have shown that the use of pathophysiologic
and clinical variables can improve risk adjustment for
disease-speciﬁc mortality.16 Future work should examine
the ways in which clinical data could be used to supplement
administrative data to improve accuracy of risk adjustment.
Furthermore, we showed that a hospital’s mortality
rate for repair of intact AAAs does not correlate with its
mortality rate for repair of ruptured AAAs, suggesting
that a hospital’s performance in repairing intact AAAs un-
der elective circumstances does not necessarily predict its
performance when repairing emergent ruptured AAAs.Elective repair of an intact AAA and repair of a ruptured
AAA are entirely distinct clinical events with widely
different mortality rates. This study and others have clari-
ﬁed that mortality rates vary between 1% and 5% for elec-
tive repair of intact aneurysm, depending on the method
of repair, whereas the mortality rates for repair of
ruptured aneurysms vary between 29% and 70% in modern
series.4-9,12,13 To our knowledge, no published clinical
studies have combined mortality rates after repair of these
two distinct conditions into a single outcome measure.
IQI #11 overall mortality rate risk adjustment method-
ology also underestimates the mortality risk after open
repair of both intact and ruptured AAAs. In contrast, IQI
#11 slightly overestimates the mortality risk of endovascu-
lar repair of intact AAAs, but the difference between ex-
pected mortality (1.3%) and observed mortality (1.1%) is
not clinically signiﬁcant. Whereas the risk adjustment
used in IQI #11 is based heavily on the proprietary algo-
rithms of the 3M APR DRG Limited License Grouper soft-
ware, it appears that the algorithms do not adequately
control for the in-hospital mortality risk associated with
open repair. In this analysis, more than three fourths of
intact AAAs underwent endovascular repair during the
period 2007 to 2011, consistent with the broad adoption
of endovascular repair reported in other studies.17 Endo-
vascular repair of intact and ruptured AAAs has been shown
consistently to have signiﬁcantly lower in-hospital mortality
than does open AAA repair.4,6,12,13 In many centers, open
repair is generally performed only in patients with pararenal
or juxtarenal aneurysms that have anatomy not amenable
to standard endovascular technique. These patients are at
known higher risk of mortality and morbidity based pri-
marily on high-risk anatomy, which is not captured in
claims data.18 The reasons for the slight overestimation
of mortality risk after endovascular repair of intact AAAs
are not clear but may include improved endovascular de-
vice safety or improved physician performance over time
with increasing adoption of endovascular repair. On the
basis of the ﬁndings in this study, we suggest that valid
risk-adjusted assessment of mortality after open and endo-
vascular AAA repair cannot be adequately combined into a
single outcome measure. Our results indicate that individ-
ual indicators, newly developed by AHRQ, which assess
Fig 3. Correlation of hospital observed vs expected mortality by Inpatient Quality Indicator (IQI) #11 risk adjustment
after (a) open elective repair of intact abdominal aortic aneurysm (AAA), (b) endovascular repair of intact AAA, (c)
open repair of ruptured AAA, and (d) endovascular repair of ruptured AAA. Each point on the plot represents an
individual hospital and demonstrates its observed and expected mortality rates after AAA repair in each cohort. The line
represents perfect correlation between observed and expected mortality rates.
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iﬁed by the use of open or endovascular repair, may provide
more accurate assessment of AAA mortality, although they
themselves are in need of validation.
Inaccurate prediction of outcome by quality indicators
has important implications. If mortality rates are not esti-
mated accurately, efforts to target quality improvement
areas may not capture the most important ones. Further-
more, IQI #11 overall mortality rate does not provide valid
comparative assessment of performance by hospitals.
Whereas IQIs were initially developed to provide cost-
efﬁcient and user-friendly screens that could be used to
target areas for quality improvement, national quality
improvement organizations, such as the University Health-
System Consortium and Leapfrog Group, use IQI #11
overall mortality rate as a metric for comparing partici-
pating institutions.1 If IQI #11 overall mortality rates
were applied inappropriately, payers, health care systems,
physicians, and patients may therefore make decisions
about hospitals based on reported data that are not appro-
priately risk adjusted and are therefore inaccurate.
As IQI #11 overall mortality rate substantially underes-
timates the in-hospital mortality risk after repair ofruptured AAAs as well as open AAA repair, comparison
of hospitals by IQI #11 unfairly penalizes hospitals that
perform a higher than average number of ruptured or
open AAA repairs. However, the proportion of ruptured
AAA or open AAA repairs is generally driven by patient
and population factors that are out of a hospital’s control.
Widespread use of invalid and unfair quality measures
opens up the possibility for hospitals to “game the system”
to improve their reported outcomes.19 Hospitals may
decline to repair patients with aneurysms at higher risk
for mortality or to accept in-transfer patients with ruptured
aneurysms or those requiring open repair. In such sce-
narios, measures meant to improve hospital quality and pa-
tient safety would in fact harm patients. This analysis
suggests that IQI #11 overall mortality rate, in its current
iteration, should not be used as a metric for hospital com-
parison or quality reporting. If the individual strata of IQI
#11 that report adjusted mortality rates for four discrete
cohorts of patients (intact open repair, intact endovascular
repair, ruptured open repair, and ruptured endovascular
repair) can be externally validated, they alone should be
used in the assessment of hospital performance in AAA
repair.
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IQI #11 is used nationally despite the lack of external
validation, as in this current study. The process by which
quality metric measures are created and implemented
should be improved to include rigorous development and
validation. A question unanswered by this study is by
what method the robustness and accuracy of a publically
reported quality measure should be validated.
Sophie Rushton-Smith, PhD, provided editorial assis-
tance on the ﬁnal version of the paper, limited to editing
and formatting, and was funded by the authors.
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